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(57) A continuously vanabfe transmission (1 ) : in par- 
ticular for motor vchcics provided with two adjustable 
pulleys (2.3) cacn puiloy comprising a pair of mutually 
displaceable cssent H »y frusto-conical pulley sheaves 
(21,22.31.32) h<ivmq a racial dimension provided on a 
pulley shaft (20 30) c*ch sheave having a sheave face, 
whereby the shelve f^ces of a pully are mutually orient- 
ed at a pulley angle a\) and with an endless flexible belt 
(10) for transmitting torque comprising two lateral side 



faces, which are mutually oriented at a belt angle (a) 
such that the flexible belt tapers radially inwardly and 
which are intended for interacting with the sheave faces 
of a pulley under the influence of a clamping force to be 
exerted on the flexible belt by the sheaves. -According 
to the invention, the belt angle is marginally, but notion- 
ally, larger than the pulley angle of at least one pulley 
for at least a substantial part of the radial dimension of 
the pulley sheaves. 
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Description 



[0001] The present invention relates to a belt-type 
continuously variable transmission, alternatively denot- 
ed as a CVT, provided with an adjustable pulley and an 
endless flexible belt according to the preamble of claim 
1 . The invention further relates to an endless flexible belt 
for torque transmission, such as a push-type drive belt, 
and to an adjustable pulley. 

[0002] The CVT of the present type is generally 
known, for example from EP-A-0.950.837, and compris- 
es a first adjustable pulley, a second adjustable pulley 
and an endless flexible belt, such as a push-type drive 
belt known from EP-A-0.962.679, a chain and the like, 
for transmitting torque between the pulleys at a variable 
transmission ratio. In the known CVT, with the applica- 
tion of a clamping force, the flexible belt is clamped at 
a continuously variable radial position between the 
sheaves of a pulley. To this end, at least one sheave of 
a pulley is axially movable. The lateral side faces of the 
flexible belt, which are intended for interaction with the 
sheave faces of a pulley, are mutually oriented at a belt 
angle, such that the flexible belt tapers radially inward. 
The sheaves faces of a pulley, which are intended for 
interaction with the lateral side faces of the flexible belt, 
are mutually oriented at a pulley angle, such that togeth- 
er the sheave faces of a pulley define a V-shaped 
groove. The clamping force applied for each pulley may 
be such that a state of equilibrium arises, wherein a 
transmission ratio of the CVT that is defined as the ratio 
of radial positions of the interaction between the lateral 
side faces and the sheave faces is constant. Departing 
from such a state of equilibrium, the transmission ratio 
may be continuously variably changed by increasing re- 
spectively decreasing the clamping force for each pul- 
ley, whereby the radial position of the interaction be- 
tween the lateral side faces and the sheave faces may 
be changed for each pulley. 

[0003] In the known CVT. the pulley angle and the belt 
angle correspond, so as to maximise a contact area of 
the said interaction and thus to realise a relatively low 
contact pressure there between. Additionally, an even 
distribution of the contact pressure is effected. Never- 
theless, unevenly distributed wear of the lateral side fac- 
es and/or of the sheave faces may in some cases still 
be observed, which has an adverse influence on the 
service life of the CVT. Furthermore, local wear of other 
parts of the flexible belt may also be observed, the oc- 
currence of which appears to correlate with the occur- 
rence of the said wear of the lateral side faces and/or of 
the sheaves. The latter phenomenon of local wear is 
particularly evident in a push-type drive belt, which com- 
prises a number of transverse elements that are contig- 
uously and slidably mounted on a carrier comprising at 
least one continuous band. The transverse elements of 
the push-type drive belt are provided with a projection 
and with a recess, whereby the projection of a trans- 
verse element interacts with the recess of an adjacent 



transverse element such that the mutual movement of 
the elements is confined. With this type of flexible belt 
local wear may be observed at the location of the pro- 
jection and of the recess. 
5 [0004] It is the object of the present invention to pro- 
vide for a CVT having an improved service life and , more 
in particular, to obviate the problems of unevenly distrib- 
uted wear of the flexible belt and/or of the sheaves. Ac- 
cording to the invention, this object may be achieved, 
10 surprisingly, in the continuously variable transmission 
according to claim 1, i.e. by a belt angle that is margin- 
ally, but notionally, larger than the pulley angle. Al- 
though, such measure appears to effect smaller contact 
area of the interaction between a lateral side face and 
*s a sheave face, or, taking into account elastic deforma- 
tion of the flexible belt and pulley, at least a seemingly 
unfavourable and uneven distribution of the said contact 
pressure, it is in fact surprisingly and advantageously 
found that the said unevenly distributed wear is reduced. 
20 Moreover, the observed amount of local wear in case of 
the push-type drive belt, is also reduced. It is hypothe- 
sised that such phenomenon are due to the fact that in 
the CVT according to the invention a slight increase in 
the pulley angle which is caused by a deformation of the 
25 sheaves of a pulley under the influence of a predomi- 
nantly axially oriented reaction force exerted by the flex- 
ible belt on the sheaves at a radial position of the said 
interaction. The amount of the said deformation thereby 
depending on the level of the clamping force that causes 
30 the reaction force, as well as on the radial position of 
the said interaction, since the thickness and thus the 
stiffness of the frusto-conical pulley sheaves decreases 
in radially outward direction and since the reaction force 
exerts a moment on the sheave the arm of which de- 
35 pends on said radial position. The invention thus takes 
account of the recognition that particularly the radially 
outer end of the sheaves may deflect relatively strongly, 
whereby the pulley angle is increased. Such deflection 
probably causes the flexible belt to be borne unstable, 
*o but is considered to be at least responsible for additional 
wear of the flexible belt. In the CVT according to the in- 
vention, the contact pressure on the said lateral side fac- 
es of the flexible belt during operation is considerably 
more evenly distributed. Moreover, the measure accord- 
^5 ing to claim 1 can prevent that the contact pressure be- 
tween sheaves and a lateral side face decreases in ra- 
dially outward direction, which would cause an unstable 
configuration and could lead to deformation of the flex- 
ible belt. The phenomenon that the contact pressure in- 
50 creases in radially outward direction is considered to be 
largely responsible for said uneven wear of the lateral 
side faces and/or the sheaves as well as the said local 
wear in case of the push-type drive belt. In the latter 
case, a decreasing contact pressure in radially outward 
55 direction constitutes an unstable configuration in which 
the transverse elements may tilt between the sheaves 
with respect to the radial direction, thereby mutually 
causing local wear on or in the vicinity of the projection 
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and recess A further disadvantage of such tilting is that 
it is accompanied by slip between the sheaves and the 
transverse elements, whereby the efficiency of the CVT 
is reduced as a consequence. The invention is, there- 
fore, oarticulariy suited and intended for this type of flex- 5 
ibie belt 

[0005] An alternative advantage of the CVT according 
to the invention is that the mutual orientation of the 
sheave faces of a pulley may be allowed to change 
slightly under :hc influence of the clamping force, with- 10 
out the pulley angle becoming disadvantageously larger 
than the belt *ngc So ; even when coping with a rela- 
tively high level of the said clamping force that can occur 
in automotive applications, the pulleys of a CVT accord- 
ing to the invention need not necessarily be as rigidly 15 
designed as the known puHcys for automotive applica- 
tion. According to tnc invention, strengthening features 
of the pulley sreaves such as radially oriented ribs, may 
therefore be reduced ir si/c or even omitted, yielding 
lighter and mom cuM effective pulley designs. 20 
[0006] Acceding to :hc invention the belt angle is 
preferably larger than the pulley angle by a value in the 
range from 1/C0 m of »i degree i.e. 2 minutes, to 1/3 rd of 
a degree, i c 20 mirutcs Such range was found to be 
suitable for typical ajtomolive applications of the CVT. 25 
When the dovMtion between said angles is smaller than 
2 minutes, the advantages of the invention are hardly 
noticeable. wt^orcHR when the said deviation is larger 
than 20 minutes the disadvantage of the uneven distri- 
bution of the contact pressure mentioned in the above 30 
starts to take precedence over the advantages of the 
invention . It is sun more preferred if the belt angle is larg- 
er than the pUicy angle by a value in the range from 
1/20 th of a degree lo l/6 lh of a degree. 
[0007] In an embodiment of the invention the belt an- 35 
gle is larger than the pulley angle by a value that sub- 
stantially corresponds to the value of a maximum in- 
crease of the pulley angle during operation of the CVT. 
Normally, such maximum increase of the pulley angle 
occurs when botr the clamping force and the radial po- 40 
sition of the said interaction are at a maximum. It may 
thus be achieved that the belt angle is at all times larger 
than, or equal to the pUlcy angle, resulting in a stable 
configuration of the flexible belt as discussed in the 
above. Since generally an axial deformation of the pul- 45 
ley sheaves is small compared to the radial dimension 
of the pulley shenveb the maximum increase of the pul- 
ley angle may be approximated by the arctangent of the 
maximum axial deformation divided by the radial dimen- 
sion of the sheaves 50 
[0008] In an alternative embodiment of the invention 
the belt angle is larger than the pulley angle by a value 
that substantially corresponds to halve the value of the 
maximum increase of the pulley angle during operation 
of the CVT. Although now situations occur wherein the 55 
belt angle is smaller than the pulley angle, it is advan- 
tageously achieved that the level of the said contact 
pressure is lowered, since the maximum difference be- 



tween the belt angle and the pulley angle is minimised. 
Dependent on parameters of the CVT, such as the mag- 
nitude of the increase of the pulley angle, the level of 
the contact pressure and/or the material and design of 
the flexible belt and the pulley, one or the other embod- 
iment may be preferred. 

[0009] In a further development of the invention the 
pulley angle of a pulley decreases in a radially outward 
direction along at least a substantial part of the radial 
dimension of the pulley sheaves. With this measure it is 
achieved that the axial deformation of the pulley 
sheaves can be compensated for, at least in a substan- 
tial part of a range of radial positions of the said interac- 
tion. Thereby, it is advantageously achieved that the 
contact pressure between the pulley sheaves and the 
flexible belt is distributed more evenly. A relatively sim- 
ple and cost effective manner for realising the measure 
according to the invention is found in providing at least 
one sheave face with a concave curvature as seen in 
tangential cross section of the sheave. For optimum re- 
sults in typical automotive application of the CVT, the 
radius of the concave curvature has a value in a range 
from 5 to 1 00 meter. Such range being based on the 
preferred range of values for the difference between the 
pulley angle and the belt angle. 

[0010] It is remarked that in EP-A-0.962.679 it is hy- 
pothesised that as a result of the flexible belt not being 
present between the sheaves of a pulley over their full 
circumference, the pulley angle both increases and de- 
creases during operation depending on where said pul- 
ley angle is measured on the circumference. Since dur- 
ing operation of the CVT a pulley rotates, it is not pos- 
sible to compensate for such phenomenon by altering 
the belt angle or the pulley angle. However, according 
to the invention it is advantageous if the belt angle and 
the pulley angles are chosen such that during operation 
the belt angle is larger than the pulley angle, at least up 
to a preferred level of the clamping force, i.e. an amount 
of axial deformation of the pulley sheaves. 
[0011] In an embodiment of the development of the 
invention, the pulley angle decreases in the radially out- 
ward direction, such that when during operation the 
clamping force is at a maximum, the belt angle substan- 
tially corresponds to the pulley angle, at least at an in- 
stantaneous radial position of the interaction between 
the lateral side faces of the flexible belt and the sheave 
faces of the pulley. In this manner it is achieved that dur- 
ing operation and at the radial position of the said inter- 
action belt angle is at all times equal to, or larger than, 
the pulley angle. To this end, the deformation of the 
sheaves, or, more accurately, an increase of the pulley 
angle as a result thereof, may be determined as a func- 
tion of the radial position of the said interaction when 
the clamping force is at a maximum. 
[0012] In an alternative embodiment of the develop- 
ment of the invention, the pulley angle decreases in the 
radially outward direction, such that when during oper- 
ation a clamping force is at a level that is the most f re- 
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quently applied, the belt angle substantially corre- 
sponds to the pulley angle, at least at the instantaneous 
radial position of the said interaction. In this manner it 
is achieved that during operation and at the radial posi- 
tion of the said interaction the difference between the 5 
belt angle and the pulley angle is on average minimised. 
[0013] In yet another alternative embodiment of the 
development of the invention, the pulley angle decreas- 
es in the radially outward direction, such that when dur- 
ing operation a clamping force is at an average level, w 
the belt angle substantially corresponds to the pulley an- 
gle, at least at the instantaneous radial position of the 
said interaction. In this manner it is achieved that during 
operation and at the radial position of the interaction the 
maximum difference between the belt angle and the pul- 15 
Icy angle is minimised. 

[0014] In an embodiment of the invention, the belt an- 
gle substantially corresponds to the pulley angle at a ra- 
dially innermost position of the interaction between the 
lateral side ftices and the sheave faces and is margin- 20 
ally but notionally. larger than the pulley angle by a val- 
ue in the range from 1/30 th of a degree to 1/3* of a de- 
gree nt a radially outermost position of the said interac- 
tion Such range was found to be suitable for typical au- 
tomotive applications of the CVT. 25 
[0015] Moreover, the invention recognises that, de- 
pending on the design of a pulley construction, the de- 
formation cf the pulley sheaves may be more or less 
cencent-ated m a single sheave. For instance, an axially 
movable sheave that is supported radially outward by 30 
hydraulic movement means that are present for effect- 
ing the clamp ng force may deform considerably less 
than an axially fixed sheave that is not supported radially 
outward frcm the pulley shaft. To take account of this 
phenomenon, the interaction between the lateral side 35 
faces of the flexible belt and the sheaves faces of the 
pulley may be considered separately for each contact 
plane between a side face and a sheave face by defining 
a separate sheave angle for each sheave face of a pul- 
ley and by oef ining a separate face angle for each lateral 40 
side face of the flexible belt, whereby the sheave angles 
and the face angles are being defined with respect to 
an orthogonal of an rotational axis of the pulley. The re- 
spective sheave angle and/or the respective face angle 
than being adopted to account for the axial deformation 45 
of the respective pulley sheave in the manner disclosed 
in the above. As a result of this, the pulley angle and/or 
the belt angle becomes asymmetric with respect to an 
orthogonal of the rotational axis of the pulley shafts, i.e. 
a bisector of the belt angle or of the pulley angle is not so 
oriented at a straight angle with respect to the axial di- 
rection. 

[001 6] The invention further relates to an endless flex- 
ible drive belt, in particular a push-type drive belt, intend- 
ed for use in the continuously variable transmission ac- 55 
cording to the invention. 

[001 7] The invention also relates to an adjustable pul- 
ley intended for use in the continuously variable trans- 



mission according to the invention. In a preferred em- 
bodiment at least one sheave face is concave with an 
essentially constant radius of curvature as seen in tan- 
gential cross section of the pulley 
[0018] It is remarked that in WO-A-98/06961 a CVT 
is disclosed with pulleys having sheaves defining a pul- 
ley angle there between, whereby the said pulley angle 
decreases in radially outward direction. The CVT com- 
prises a n umber of independently operating th in endless 
rings. The aim of the disclosed invention is to achieve 
that during operation all rings operate at the same trans- 
mission ratio. When adopting this teaching to a typical 
CVT design for automotive application, the required de- 
crease of the pulley angle in radially outward direction 
is far larger than that required for the present invention, 
which also has an entirely different aim. Moreover, be- 
cause the rings are very thin in radial direction, they 
bend with relative ease to match the pulley angle. There- 
fore, the problem solved by the present invention does 
not occur in the known construction, at least not to the 
extend that the solution according to the present inven- 
tion would have a particular advantage. In fact, the 
known rings do not have lateral side faces that are suf- 
ficiently planar for even determining a belt angle. 
[0019] It is further remarked that the manufacturing 
tolerance applied on the belt angle and/or on the pulley 
angle may be of the same order of magnitude as the 
difference desired between said angle in accordance 
with the invention, which may in particular be the case 
when said difference is small. However, according to the 
invention it is advantageous if in such cases the nominal 
value of the belt angle is larger than the nominal pulley 
angle, whereby said nominal angles may be determined 
by taking the average value of such angle when meas- 
ured at a number of positions along the circumference 
of the drive belt and the pulley respectively. In case of 
the push-type drive belt, said nominal belt angle may for 
instance be determined by the average value of the belt 
angle measured for each of the transverse elements. 
[0020] The invention will now be illustrated by way of 
example with reference to the figures. 

Figure 1 is a schematically drawn cross section of 
a continuously variable transmission. 
Figure 2 is a view of the transmission of figure 1 
shown in side elevation. 

Figure 3 represents an example of a flexible belt. 
Figures 4a and 4b represent a partial cross section 
of a pulley and an flexible belt according to the 
known art. 

Figure 5a and 5b represent a partial cross section 
of a pulley and an flexible belt according to the in- 
vention. 

Figure 6a and 6b represent a further partial cross 
section of a pulley and an flexible belt according to 
the invention. 



[0021] In figure 1 a CVT 1 according to the known art 
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is shown. The CVT 1 comprises an input pulley 2 and 
an output pulley 3, each pulley 2; 3 comprising a set of 
two frusto-conical sheaves 21 , 22; 31, 32 provided on 
an input pulley shaft 20 and on an output pulley shaft 30 
respectively, and a flexible belt 10. The sheaves have a 
radial dimension Rs. The sheaves 21, 22; 31, 32 of a 
pulley 2; 3 may be urged towards each other under the 
influence of a hydraulic pressure exerted in a piston/cyl- 
inder assembly 23, 24; 33, 34 associated with the re- 
spective pulley 2; 3. As a result thereof, a clamping force 
C F is effected between the flexible belt 1 0 and the pulley 
sheaves 21 , 22; 31 , 32, of each of the said pulleys, so 
that torque may be transmitted between said pulley 2; 
3 by the belt 10 through friction. 
[0022] Each sheave 21 , 22, 31 , 32 has a sheave face, 
whereby the sheave faces of a pulley 2; 3 are mutually 
oriented at a pulley angle p, as indicated in figure 1 , such 
that they define an essentially V-shaped groove. The 
flexible belt 1 0 has lateral side faces for interaction with 
the sheaves faces of the pulleys 2; 3, whereby the lateral 
side faces are mutually oriented at a belt angle a, as 
indicated in figure 3 for a push-type drive belt by way of 
example, such that the flexible belt 10 is tapered in a 
radially inward direction. A sheave face and a lateral 
side face rest against each other in a contact plane that 
forms an acute contact angle with an orthogonal to the 
respective pulley shaft 20; 30. In the known transmis- 
sion both the belt angle a and the pulley angle p have 
a value that is essentially equal to twice that of the said 
contact angle. 

[0023] Figure 2 is a simplified side elevation view of 
the CVT 1 of figure 1 . In figure 2, as indeed also in figure 
1 , the flexible belt 10 has a radial position R 2 between 
the sheaves 21 , 22 of the first pulley 20 that is consid- 
erably larger than a radial position R 3 of the flexible belt 
1 0 between the sheaves 31 , 32 of the second pulley 3. 
In this situation, a (torque) transmission ratio of the CVT 
1 is smaller than 1 , i.e. when power is transmitted from 
the input pulley shaft 20 to the output pulley shaft 30, a 
torque level is reduced. The clamping force C F for of 
each pulley 2; 3 may be such that a state of equilibrium 
arises, wherein the transmission ratio of the CVT 1 is 
fixed. Departing from such a state of equilibrium, the 
transmission ratio may be continuously variably 
changed by increasing or decreasing the clamping force 
C F for each pulley 2, 3, thereby changing the radial po- 
sition R 2 ; R 3 of the flexible belt 10 between the sets of 
sheaves 21 , 22; 31 , 32. 

[0024] Figure 3 represents an example of an flexible 
belt 10, i.e. a push-type drive belt. An axial view of a 
bend section and of a stretched section of the drive belt 
1 0 is shown. Furthermore a tangential view of the drive 
belt 10 is provided. The drive belt 10 comprises a 
number of transverse elements 11 that are contiguously 
and slidably mounted on a carrier 1 4 : 1 5. In this example 
the carrier 14, 15 is composed of two sets 14; 15 of four 
radially stacked continuous bands. The transverse ele- 
ments 11 are each provided with a projection 12 and 



with a recess 1 3 , whereby the projection 1 2 of a trans- 
verse element 11 fits in the recess 13 of an adjacent 
transverse element 11 . As is indicated in the figure, lat- 
eral side faces of the transverse element 1 1 are mutually 
5 oriented at a belt angle a, such that the flexible belt 10 
tapers radially inward 

[0025] Figures 4A, 4B, 5A, 5B, 6A and 6B represent 
a schematic and partial cross section of a pulley 2 and 
an flexible belt 10. It is remarked that the deformation 

io of the pulley sheaves 21 , 22 as shown in the figures 4B, 
5B and 6B is exaggerated for the sake of clarity, as are 
the belt angle a, the pulley angle p and the differences 
there between. It is noted that, although in reality the 
axial deformation of the pulley sheaves 21 , 22 is usually 

15 very small, it can be measured and appears to be the 
cause of an uneven wear of the lateral side faces and, 
in case of the push-type drive belt, of local wear at the 
location of the projection 12 and the recess 13. 
[0026] In figure 4A a known configuration of the flex- 

20 jble belt 10 and the pulley 2 is shown. In such known 
configuration the belt angle a, the pulley angle p corre- 
spond. However, as is illustrated in figure 4B, with the 
application of a clamping force C F the sheaves 21 , 22 
of the pulley 2 deform, i.e. deflect mutually apart, where- 
as by the pulley angle p increases. Thus, during operation 
the belt angle a will generally be smaller than the pulley 
angle p and the contact pressure between the flexible 
belt 1 0 and the pulley 2 will disadvantageously decrease 
in a radially outward direction. 

30 [0027] In figure 5A the configuration of the flexible belt 
1 0 and the pulley 2 according to the invention is shown. 
It can be seen that the belt angle a is larger than the 
pulley angle p. In practice the required difference be- 
tween the said angles a, p is very small, e.g. between 

35 2 and 20 minutes depending on the amount of deforma- 
tion of the pulley sheaves 21, 22 during operation of the 
CVT 1 , In figure 5B it is shown that, with the application 
of a clamping force C F , the pulley sheaves 21 , 22 will 
deform : whereby the pulley angle p increases. At a de- 

40 fined level of the clamping force C F , the deformation of 
the pulley sheaves is such that the belt angle a substan- 
tially corresponds to the pulley angle p. According to the 
invention the amount of deformation of the sheaves 21 , 
22 is dependent on the level of the clamping force C F 

45 as well as on the radial position R 2 , R 3 of the interaction 
between the lateral side faces and the sheave faces, 
because the said radial position R 2 , R3 determines the 
arm of the clamping force C F . Therefore, the said angles 
a, p will only correspond at defined combinations of the 

50 clamping force C F and of the said radial position R 2 , R3. 
Additionally, at other possible combinations of the 
clamping force C F and the said radial position R 2 , R 3 , 
the difference between the said angles a. p is advanta- 
geously reduced in the CVT according to the invention, 

55 since the deformation of the pulley sheaves 21 , 22 is 
compensated to a greater or lesser extend. 
[0028] According to the invention the influence of the 
radial position R 2 , R 3 of the said interaction may be ac- 
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counted for by a pulley 2 having a pulley angle that de- 
creases 21, 22 in radially outward direction along the 
radial dimension R s of the pulley sheaves 21, 22, such 
as indicated in figure 5A. In figure 5A the radial position 
of the said interaction is small, similar to the radial po- 5 
sition R 3 indicated in figures 1 and 2, consequently, the 
deformation of the pulley sheaves 21 , 22 will also be 
small. At such small radial position R 3 , the pulley angle 
p will thus substantially correspond to the belt angle a 
even with the application of a large the clamping force 10 
C F . According to the invention, a small, if any, difference 
between the said angles a, p is sufficient for compen- 
sating such deformation. In figure 5B the radial position 
of the said interaction is large ; similar to the radial posi- 
tion R 3 indicated in figures 1 and 2. Consequently, with 15 
the application of the clamping force C F , the deformation 
of the pulley sheaves 21 , 22 is also relatively large, as 
is the increase of the pulley angle p as a result thereof. 
Thus for pre-compensating such increase, the initial pul- 
ley angle p is set considerably smaller than the belt an- 20 
gle a. 

[0029] According to the invention it is advantageous 
if the pulley angle p gradually decreases in radially out- 
ward direction along the radial dimension of the pulley 
sheaves 21 , 22, such that at a given level of the clamp- 25 
ing force C F the said angles a, p substantially corre- 
spond during operation of the CVT 1 . The said level of 
the clamping force C F may be selected freely, for in- 
stance in dependence on the type of application of the 
CVT 1 . It is even possible to select such level in depend- 30 
ence on radial position R 2 , R 3 of the interaction, e.g. for 
compensating the increase in pulley angle p resulting 
from that level of the clamping force that is the most fre- 
quently applied when the flexible belt 1 0 is positioned at 
such specific radial position R 2 , R 3 . In such case, the 35 
particular concave contour in radial direction of a sheave 
face may be different for the first pulley 2 and the second 
3 pulley. 



Claims 



40 



1. A continuously variable transmission, in particular 
for motor vehicles, provided with two adjustable pul- 
leys, each comprising a pair of mutually displacea- 45 
ble essentially frusto-conical pulley sheaves having 
a radial dimension provided on a pulley shaft, each 
sheave having a sheave face, whereby the sheave 
faces of a pulley are mutually oriented at a pulley 
angle, and with an endless flexible belt for transmit- so 
ting torque comprising two lateral side faces, which 
are mutually oriented at a belt angle such that the 
flexible belt tapers radially inwardly and which are 
intended for interacting with the sheave faces of a 
pulley under the influence of a clamping force to be 55 
exerted on the flexible belt by the sheaves, charac- 
terised in that, the belt angle is marginally, but no- 
tionally, larger than the pulley angle of at least one 



pulley for at least a substantial part of the radial di- 
mension of the pulley sheaves. 

2. A continuously variable transmission according to 
claim 1 , characterised in that the belt angle is larg- 
er than the pulley angle by a value in the range from 
1/30 th of a degree to 1/3 rd of a degree. 

3. A continuously variable transmission according to 
claim 1 or 2, characterised in that the belt angle 
is larger than the pulley angle by a value that sub- 
stantially corresponds to the value of a maximum 
increase of the pulley angle during operation of the 
CVT. 

4. A continuously variable transmission according to 
claim 1 or 2, characterised in that the belt angle 
larger than the pulley angle by a value that substan- 
tially corresponds to halve the value of a maximum 
increase of the pulley angle during operation of the 
CVT. 

5. A continuously variable transmission according to 
any one of the preceding claims, characterised in 
that the pulley angle decreases in a radially out- 
ward direction along at least a substantial part of 
the radial dimension of the pulley sheaves. 

6. A continuously variable transmission according to 
any one of the preceding claims, characterised in 
that the pulley angle decreases in a radially out- 
ward direction, such that when a clamping force is 
applied during operation of the CVT, the pulley an- 
gle substantially corresponds to the belt angle, at 
least at a radial position of interaction between the 
lateral side faces and the sheave faces, Independ- 
ently from the actual radial position of such interac- 
tion for a substantial part of the radial dimension of 
the sheaves. 

7. A continuously variable transmission according to 
6, characterised in that the said clamping force is 
a maximum clamping force applied during operation 
of the CVT. 



8. 



A continuously variable transmission according to 
claim 6, characterised in that the said clamping 
force is a clamping force that is the most frequent 
applied during operation of the CVT. 

A continuously variable transmission according to 
claim 6, characterised in that the said clamping 
force is an average value of the clamping force ap- 
plied during operation of the CVT. 



10. A continuously variable transmission according to 
any one of the preceding claims, characterised in 
that the belt angle substantially corresponds to the 
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pulley angle at a radially innermost position of inter- 
action between the lateral side faces and the 
sheave faces and in that the belt angle is margin- 
ally, but notionally, larger than the said pulley angle 
by a value in the range from 1/30^ of a degree to 5 
1/3 rd of a degree at a radially outermost position of 
the said interaction. 

11. A continuously variable transmission according to 
any one of the preceding claims, characterised in io 
that the belt angle is marginally, but notionally, larg- 
er than the said pulley angle by a value in the range 
from 1/20^ of a degree to 1/6 th of a degree at a ra- 
dially innermost position of interaction between the 
lateral side faces and the sheave faces. is 

12. A continuously variable transmission according to 
any one of the preceding claims, characterised in 
that the pulley angle of at least one pulley and/or 

tru? Dclt angle is asymmetrically with respect to an 20 
orthogonal of an axial direction of the pulley shafts. 

13. A continuously variable transmission according to 
any one of the preceding claims, characterised in 
that at loast one sheave face is provided with a cur- 25 
vattro navtng an essentially constant radius of cur- 
vature, such that the said sheave face is concave 

as soon in tangential cross section. 

14. A continuously variable transmission according to 30 
claim 13. characterised in that the radius of cur- 
vature of the said sheave face has a value in a range 
from 5 to 100 metre. 

15. Endless flexible drive belt, in particular a push-type 35 
enve belt intended for application in a continuously 
variable transmission according to any one of the 
preceding claims. 

16. Adjustable pulley intended for application in a con- 40 
tmuously variable transmission according to any 
one of the claims 1-14. 

17. Adjustable pulley according to claim 1 6, character- 
ised in that a sheave face of the pulley is curved *s 
concave with an essentially constant radius of cur- 
vature as seen in tangential direction. 
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